This paper explores the role of housing markets in the transmission of monetary policy shocks across four Chinese municipalities, namely Beijing, Shanghai, Tianjin, and Chongqing. The analysis is based on identification of housing demand shocks, monetary policy shocks and credit supply shocks through a Structural Vector Autoregressive (SVAR) model estimated using monthly data for four cities from July 2005 to December 2015. The empirical results show great differences in the four cities as far as the housing market is concerned. They also indicate that housing plays a stronger role in the transmission of monetary policy shocks in Beijing and Shanghai than in Tianjin and Chongqing. These results are reasonably robust across several model specifications.
Introduction
House prices in China have skyrocketed over the last decade. Since 2002, the average overall annual compound rate of real house prices has been above 10%. Rapid house price appreciation has significantly affected household wealth. In China, housing has become the largest component of household net wealth, representing 41% of total wealth, which is almost 60% greater than that of American households 1 . The influence of rising house prices on net wealth is even greater when one considers that housing wealth is levered through mortgages (Elbourne, 2008) . Due to the relative amount of household wealth held in housing, attention has increasingly been devoted to understanding the influence of rising house prices on the wealth of individual households.
Like other assets, house prices are affected by changes in interest rates. We argue that when house prices are influenced by interest rates, and consumption depends on housing wealth, a channel of monetary policy transmission develops through house prices. A few papers have focused on the relationship between housing, consumption and interest rates. For example, Elbourne (2008) concludes that in the United Kingdom about 15% of the decline in consumption following an interest rate shock can be explained by a combined effect of house wealth and monetary effects associated with house price changes. Ncube and Ndou (2011) suggest that in South Africa, consumption declines due to the combined effect of house wealth and credit changes following a monetary policy tightening by 9.8%. Following these studies, this paper aims to identify the effects of short-term interest rate shock on real house price movements in China, and examine the transmission mechanism of housing by analyzing whether fluctuations in real house prices have a significant spillover effect on consumption decisions.
It is well known that consumption is influenced by house price shocks not only at the national, but also at the regional and city level. In fact, local economies and regulations may exert a dominant influence on housing markets. Therefore, in the face of national shocks, local housing markets may exhibit asymmetric responses and play various roles in transmitting the macro shocks to the real economy. However, although the house price transmission effects have been 1 In order to provide a systematic empirical analysis of how house prices respond to shocks and transmit their effects to the real economy in four Chinese municipalities, we utilized a structural autoregressive (SVAR) framework. SVAR is commonly used in identifying effects of various macro shocks on housing market transmission (Bjornland & Jacobsen, 2010; Elbourne, 2008; M. Iacoviello, 2000; Lastrapes, 2002; Musso, Neri, & Stracca, 2011; Ncube & Ndou, 2011; Pedram, Shirinbakhsh, & Afshar, 2011) . Using a framework that includes six variables-consumer prices, private consumption, house prices, residential investment, interest rates and residential development loans-this paper incorporates housing demand shocks, monetary policy shocks and credit supply shocks into a statistical model and imposes a number of contemporaneous restrictions according to eligible economic theories and econometric considerations. In order to obtain comparable results for these four markets, the same SVAR model is estimated on the four cities over a sample period from 2005 to 2015, and the impulse responses in these markets are compared to understand the similarities and the differences in a systematic manner.
The remainder of this paper is organized as follows: Section 2 outlines the SVAR model and lays out the econometric methodology. Section 3 describes the data and their time-series properties. Section 4 presents the main impulse responses results. Finally, Section 5 concludes.
Methodology
This section will specify a SVAR model. This model uses the restrictions imposed by economic theory to identify the system.
The SVAR Model
The dynamics of the SVAR are modeled using the VAR, in which each variable is expressed as a function of its own lags as well as the lags of all other variables in the system. Let be a 1  K vector of endogenous variables, a p-th order VAR is defined as
further restrictions need to be imposed to identify the full model.
Identification
The SVAR modeling requires a prudent choice of variables and use restrictions on shocks to obtain economic interpretative function of the impulse response. Hence, in this SVAR model, we specify six dimensional VAR with 
. In order to identify the three shocks which we are interested in, namely monetary policy shocks, housing demand shocks and credit supply shocks, the baseline model for SVAR estimation is defined as follows u , a residential development loan error. The whole structural model can be decomposed into three separate blocks: the demestic goods market block, the housing market block and the policy block.
The first two equations describe the domestic goods market equilibrium by representing aggregate supply and aggregate demand respectively. Price shocks in the first row are under the assumption of sticky prices in short run. It is asumed that other shocks in the system do not affect consumer prices within a month, though changes in consumer prices do affect the remaining variables in the same month. For example, private consumption in the second row is allowed to react immediately to price shocks. As previously discussed, a housing shock can affect private consumption in several ways. But a housing demand shock, represented by an increase in real house prices, leads to a rise in consumption through time.
Rows 3 and 4 comprise the housing market equilibrium. In the housing market, note that the equation for real house prices in the SVAR can be interpreted as a housing demand function, relating this variable instantaneously to housing supply. It is conceivable that an increase in residential investment instantaneously increases the amount of new housing, which creates downward pressure on the real price of housing through an outward shift in the housing supply curve. Shocks from the goods market also have instantaneous effects on real house prices. An increase in inflation, for example, leads to a fall in real income, which is likely to have an immediate negative effect on house prices by influencing consumer spending pattens.
Rows 5 and 6 represent government policy shocks, with row 5 representing a monetary policy shock and row 6 representing a credit supply shock. For the monetary policy shock, it is assumed that the short-term interest rate does not react to credit supply in the same month, which appears to be realistic.
We have tried alternative identification schemes. While the results for these alternative identification schemes give similar results, none of them seem superior to the above identification.
Properties of the Data

Data
To estimate the strategy discussed above, this paper uses data from July 2005, when the monthly house price index data became available, through December 2015. Since the dataset is not sufficiently long, we use monthly data, instead of quarterly data employed by the majority of earlier studies, to avoid suffering from considerable size distortion and a reduction in degrees of freedom.
In the data series, inflation ( t p )is the consumer price index (base=1999). Private consumption ( t c ) is the total retail sales of consumer goods. Short-term interest rate ( t r ) is chosen as the 3-month interbank rate because it has been traded actively and is commonly used as a benchmark for pricing other financial assets (Porter & Xu, 2009 ). Residential development loans ( t l ) is the total real estate development investment financing minus the self-funded part, consisting of domestic bank loans, foreign invested funds and other funds. All of these financing channels embody a kind of credit support. The house price data is from the Price Indices of Residential Buildings in 70 Cities ("the 70 Cities Index"). This index has been published by the NBS since 1998. It was published quarterly before July 2005 and since then it has been published monthly. This index uses a consistent information collection method, so it is comparable between years. The data are all from the Wind Information. Real terms of these variables are obtained by deflating using the CPI. The Census X12-ARIMA method is used to seasonally adjust the raw data. Seasonal adjustment is not applied to interest rates or to inflation. The interbank interest rate enters the model in level, the rest enter in natural logarithms.
Unit Root Tests and Cointegration Tests
Before estimating the reduced VAR form, a unit root test is performed using the Augmented Dickey Full (ADF) and Phillips-Person (PP) test. The results show that all variables have unit roots whereas the first differenced variables are confirmed to be stationary.
In order to properly specify the unrestricted VAR, it is import to test for cointegration of the hypothesized unit root variables. To that end, Johansen's maximum likelihood test with small sample adjustment is applied here. Table 1 shows the number of cointegration equations by both trace test and eigenvalue test at 0.05 level. The results show that there is compelling evidence for the existence of cointegrating relationships in this system. According to the result of Sims, Stock, and Watson (1990) , if variables are cointegrated, a VAR in first differences would be misspecified since it omits error-correction mechanisms. Because the primary focus of this study is on the short-run dynamics of the system, and the purpose of the estimation is to examine the interrelationships among the variables through the impulse response functions, rather than the significance of individual coefficients, we will estimate the model in levels. 
Empirical Evidence
This section looks at the econometric results of the specification. The purpose of this section is to compare the responses of the four cities following a shock. Figure 1 reports Table 2 , which reports the signs of the impulse responses to identified structural shocks in each city.
Housing Demand Shock
A positive housing demand shock is defined as an increase in real house prices that leads to a rise in residential investment over time (Matteo Iacoviello & Neri, 2010; Jarocinski & Smets, 2008) . Impulse responses to a housing demand shock of one-SD deviation of innovation generally show expected features, though not for all variables in all cities.
Without exception, housing demand shocks have a positive impact on the consumer price in all four cities. Consumer price displays the commonly found hump shaped response with a peak effect of 0.11% to 0.20% occurring after 10 months; it then returns to a new steady state which is higher than the initial baseline, showing that housing demand shocks have a permanent influence on general price levels.
Real house prices increase on impact from 0.7% to 1.1% depending on cities and fall back very slowly to their baseline, reaching it after one to one and a half years. Such a pattern is consistent with strong autocorrelation in house prices, resulting in part from extrapolative expectations (Andre, 2010) .
The most important effect of a housing demand shock lies in its impact on residential investment. Although housing demand shocks have positive impacts on residential investment in all cites, the magnitudes differ. It is found that residential investment is more reactive in Beijing and Shanghai than in Tianjin and Chongqing. In Beijing and Shanghai, the initial effects are positive and the pattern represents a common inversed U shape, with a peak of 4.2% and 2.8% respectively. However, in Tianjin and Chongqing, a one-time positive shock to house prices influences residential investment adversely over the first five months, and then influences it positively, concluding with a slight increase above the baseline.
A house price shock can affect private consumption through a rise in residential investment, which produces multiplier effects on employment and income, as residential investment represents over 15% of GDP on average across cities and time. Besides this, a housing shock can affect private consumption through wealth effect, or more precisely, a collateral or liquidity effect. This housing wealth or collateral effect is expected to be stronger in economies with more sophisticated markets. Figure 1 shows that the initial private consumption response is roughly positive in Beijing and Shanghai, which is as expected, given that housing wealth effects exert a dominant influence on private consumption. In Tianjin and Chongqing, however, the initial private consumption response is negative, showing that house price increases crowd out private consumption, at least in short run. As time goes by, the negative response turns positive in these two cities. In all four cities, the positive response of private consumption is long-lived and significant. This is not unexpected. For many people, including home-owners, permanent changes in wealth lead to permanent changes in consumption. In all cities, a large effect in housing market related variables is found, particularly in residential investment. This evidence is consistent with previous work showing that the largest effect of a monetary policy shock is on residential investment (see Erceg and Levin (2006) and Vargas-Silva (2008) . However, this effect varies in size, shape and duration across cities. In all cities but Beijing, residential investment falls immediately following the increase in the opportunity cost of investment. It then rises and returns to baseline at around 4 months. In Beijing, however, residential investment increases instantaneously and then returns to baseline at around 5 months.
Monetary Policy Shock
There is evidence of a price puzzle in the short term in all cities: after a contractionary monetary policy shock, consumer prices initially increase rather than decrease in all cities. But consumer prices are less sensitive than house prices to monetary innovation. In all cities, house prices decrease significantly for several months before increasing and returning to their baselines. This happens because when a central bank unexpectedly raises the short-turn interest rate, the mortgage interest rates charged by commercial banks should raise. A rise in interest rates increases the cost of borrowing, thus leading to a reduction in demand, particularly in interest-sensitive sectors of the economy, such as housing. One can expect a user cost effect to reduce relative demand for housing, and this general fall in demand will result in a fall in house prices. Only when interest rates are back to the baseline will the real house prices go up. Figure  1 suggests a negative correlation between behavior of interest rates and behavior of real house prices. In response to a contractionary monetary policy shock, real house prices significantly decrease in virtually all cities, but Beijing experiences the biggest house price fluctuation whereas Tianjin and Chongqing are probably at the other extreme, with Shanghai somewhere in between: one would expect overshooting of house prices in a perfect market.
The response of private consumption is also well pronounced. In all cities, private consumption declines gradually. In Beijing and Shanghai, the fall displays the commonly found hump shape with a peak effect occurring after 11 months in Beijing and 6 months in Shanghai; the decline persists and is statistically significant over the full 36 months. However, in Tianjin and Chongqing, private consumption decreases to a certain point (around 0.5%) following a one-SD increase of interest rate, and then keeps at that level for a very long time, rather than gradually going back to the baseline. Although the decline is more durable in Tianjin and Chongqing, it is not statistically significant.
Our main purpose is to investigate the role of housing market in the transmission of monetary policy. For this purpose, we can look at the effects of a monetary shock on house prices and then see how much consumption changes following a house price shock. Take Beijing as a fairly representative case. Figure 1 shows that the maximum decline of private consumption in response to a one-SD increase in interest rate is 0.57%. It also shows that the maximum decline of house prices in response to a one-SD increase in interest rate is 0.87%, and a one-SD (0.59%) increase in real house price leads to 0.2% increase in private consumption. We can gauge the role played by house prices by combining these two effects, i.e. the decrease of house prices by 0.87% following a monetary policy shock will trigger private consumption to decrease by 0.29% 3 , which accounts for about 51.7% of the total 0.57% fall in consumption, showing that over half of the fall in consumption is due to the changing house prices.
We can gauge the role played by house prices in other cities the same way. The corresponding numbers are 53.2%, 44.5% and 17.7% in Shanghai, Tianjin, and Chongqing respectively.
The different responses can be justified as follows: cities with high loan-to-value ratios, a large owner-occupied sector and a large proportion of variable-interest mortgage loans should experience relatively high real house price volatility and a great role for housing in the interest rate transmission mechanism.
Overall, the evidence presented here is consistent with the view that the transmission of monetary policy shocks to the housing market and private consumption is stronger in the Beijing and Shanghai than in other cities.
Credit Supply Shock
In response to a credit supply shock, initially the consumer price significantly rises in all four cities: the maximum point estimate ranges from 1.5% in Shanghai to 2.7% in Beijing; then it stabilizes at its higher steady state level.
The initial effect on private consumption is positive for all cities except Chongqing, where the private consumption falls below baseline for the first 12 months. Shanghai has the greatest response, with private consumption rising sharply by 3.8% within two months of the shock and stabilizing at a 0.32% increase. In Beijing and Tianjin, private consumption shows a similar increase in magnitude and persistence. In these cities, immediately following a shock, private consumption rises to around 2%, oscillates, and then stays at a new steady state about 1% higher than the baseline level. However, the response of consumption in Tianjin is not statistically significant.
In all cities but Tianjin, residential investment increases immediately and significantly in response to a credit supply shock. In Beijing and Chongqing, residential investment reaches the maximum point 3 months after the shock and then gradually returns to the original baseline, with the increase in residential investment levels lasting over a full one year horizon. In Shanghai, the residential investment increases and oscillates in the first few months following the credit expansion but the effect is not statistically significant. After about 5 months, residential investment starts to increase persistently over two years. In Tianjin, the residential investment falls dramatically below its baseline and stays there for about 4 months. Later, it tends to rise above its initial baseline. Now, consider how this affects real house prices. In all cities but Tianjin, real house prices exhibit a statistically significant increase over some horizon following the credit expansion. In these three cities, the increase in house prices immediately follows the credit expansion. House prices remain above baseline for at least one year. . In order to get comparative response, it is necessary to rescale the initial impact on the house prices to be the same (1%) for all cities, and one-SD of positive house prices shock means 0.59% increase of house price in Beijing. This paper presents a systematic empirical analysis of the role of the housing market in the real economy in the four municipalities in China using a SVAR framework. A six-variable SVAR model including consumer prices, private consumption, residential investment, house prices, nominal interest rate and residential development debt provides a plausible description of the behavior of the four municipalities following a house price shock, monetary policy shock and credit supply shock. Impulse responses suggest that the impact of these three shocks is qualitatively similar in the four cities, but the magnitude and timing differ between cities.
The evidence suggests that when a housing demand shock increases house prices, the impact on residential investment and consumption is greater in Beijing and Shanghai than in Tianjin and Chongqing. Monetary policy shocks can have serious effects on house prices. This paper illustrates the important role played by house prices and housing wealth by focusing on transmission to consumption. The results suggest that a proportion of consumption declines due to the effect of housing wealth following monetary policy. This decline is greatest in Beijing and most minimal in Chongqing. Overall, the data show that housing markets might play a bigger role as conduits of monetary policy shocks in some cities than others. The evidence for credit supply shock is less clear-cut. Positive credit supply shocks affect housing market variables in the same way as positive housing demand shocks; they have significant effects on house prices. However, the effects of credit supply on residential investment are statistically insignificant, and the effects on real consumption seem to be more limited.
Our results suggest that raising interest rates could be a policy option for curbing house price appreciation in cities with more developed financial markets, such as Beijing and Shanghai. Further, when adjusting interest rates, the impact on household consumption and the general price levels must be considered. , while taking the city-specific characteristics into consideration, future policies should aim to curb surging house prices in first-tier cities and boost sluggish housing markets in other cities. 
